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SUMMARY 


Conventional measures of the ratio of energy consumed per unit of 
economic activity are inappropriate. Due to increasing amounts 
of energy embodied in imports and exports, a consumption-based 
ratio is more revealing. 

Energy conservation, defined as changes in the emphasis on the 
activities of Final Consumption, accounted for most of the 
decrease in the ratio between 1972 and 1980. 

Most of this energy conservation effect has already been er een 
accomnine PouOneese. Of ECOnomic p10) eCticns, Further decreases 
in the ratio must come from improvements in production energy 
efficiency and/or changes in distribution of consumption of 


industrial products in each of the Final Demand activities. 


The research in this paper was conducted over actual and projected data 
spanning the period 1963 to 2000. Here is a more detailed summary of 
the results: 

° The primary (out of the ground) energy indirectly embodied 
(not energy content) in imported goods continued to rise during 
the entire 1963-1980 period; 3.7 percent of Domestic and 
Imported total energy in 1963 to 10.7. percent in 1980. The energy 
trade imbalance (inported th energy iess exported total energy) 
grew consistently from 2.5 Quads in 1963 to 10.9 Quads in 1972, 
and declined slightly to 10.6 Quads in 1980. These results, plus 
the:.need for a consistent accounting measure between energy and 


economic activity, gave rise to a new definition -- the energy 


consumed per unit of a nation's economic consumption -- the 


E/GNC ratio. 
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In the period 1963-67, the primary E/GNC ratio grew by 2.7%. 
The ratio for electricity and natural gas grew by 10.7%. The 
reason for the growth in the primary E/GNC ratio was clearly 


a "Market Basket" change, mainly in the Federal Non-Defense 


‘and State and Local Government Activities. In other words, 


the ratio in the first period changed mainly because the 
average dollar expended on these two Activities grew in energy 
content, directly and/or indirectly. 

In the period 1967-1972, the primary E/GNC ratio grew by 3.5%. 


+ 


The ratio for electricity and refined petroleum grew by 25.3% and 


oe 


9.2%, respectively, while the ratio for coal fell by 16.3%. 

The main reason for the change in the primary E/GNC ratio was 
"Technological" change, primarily in the construction, petroleum 
refining and natural gas industries. That is, these industries 
required increased energy directly and indirectly, per unit of 
output during the second period. These increases were the 

Main cause of the rise in the ary E/GNC ratio 

The "Distributional" effect, the change in the distribution of 


expenditures over the Activities of Final Consumption, herein 


called the conservation effect, had practically no influence on 
tneek/ GNGarationin pthe:perrodallOsto ml 97 27 This effect is 

the only measurable one after 1972. In 1980, the Distributional 
effect explained about 42 percent of the drop in the E/GNC 

ratio contributed by the Distributional effect varied widely 


from LG toe/O percent: 
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Economic projections of the Distributional effect on the E/GNC 
ratio for the years 1990 and 2000 show relatively little drop 
in the ratio (down only 7% between 1980 and 2000) unlike the 
effect between 1972 and 1980. Accordingly, major future 
decreases in the E/GNC must come from Technological and ) 


Market Basket changes. 
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INTRODUCTION 


As a part of nearly every policymaking effort regarding energy 
resources, the future demand for energy is estimated. One approach 
is to estimate the change in future economic activity and then, with 
an understanding of the connection between various activities and 
their energy demand, estimate the future demand for energy. 

The projections of economic activity at best include the inter- 
action of supply and demand prices of labor, capital, materials and 
energy. The result is usually a forecast of the change in aggregate 
economic activity (GNP) and perhaps forecasts of various activities 
which make up the GNP. If one understood the connection between the 
types of energy demanded directiy and: indirectly for units ofireachvof 
these more detailed get Waive: a good estimate of the energy demanded 
for a given forecasted GNP could be obtained. 

Thus the questions become: How do changes in the relative levels 
of the activities of final demand affect the energy used per unit of 
aggregate economic activity? How do technological changes, both 
in industrial production and in consumption, affect the energy used per 
unit of aggregate economic activity. 

| In this paper these questions are addressed completely in a 
historical sense for the U.S. economy in the years 1963, 1967 and 1972, 
and partially for the years between 1972 and 1980, and to a yet lesser 
degree for the 1980-2000 period. A new ehete yy eudidhte ratio is defined 


and compared with the usual definition. 
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HISTORICAL APPROACH 


Bullard and Hannon [1] evaluated the reasons for total energy 
use Change in the 1963-1967 period. Reardon [2] using some ef the 
ERG data and a similar procedure analyzed the reasons for LS 
total energy use between 1947 and 1967. The reasons for change in 
total energy use should not necessarily relate directly to the reasons 
for change in the energy/economic ratios, however. 

Berndt [3] has aenined the reason for change in the energy/ 
economic ratio from 1947 to 1971. By "correcting" the energy values 
for the eetice Gteatseend use, he finds, the ratio is, essentially 
constant. 

Allen [6] also studied and forecast the change in the ratio 
but his estimates of the level of economic activity were independent 
Ofethesprice of enercy.. He concluded that) the ratio should decline 
as energy conservation, appliance saturation and an aging population, 
all act to reduce the future energy use vem Ref ES [7 ighassalse 
enerrece a study which dealt in part with the potential change in the 
ratio. By assuming a saga of introduction of energy saving equip- 
ment and by developing estimates of long run price elasticities, the 
R.F.F. concluded that the ratio would decline as the real price of 
energy increases. 

Hudson and Jorgenson [4] have predicted that economic activity is 
reduced in the long run by rising energy prices. The level of 
energy use is reduced almost immediately, however, but appears to 


cease to decline while the economic effect continued past the end of their 
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study period. It appears that rising energy prices may initially lower 
the energy/economic ratio but raise it in the long run. 

Darmstadter, et al [5] have studied the differences in the 
historic energy/economic ratio between countries. These authors used 
the Energy Research Group (ERG) input-output model (for 1967) to determine 
that the intercountry difference was nearly half accounted for by 
differences in the composition of the final output of the economies. 
The remaining portion of the difference was due to differences in 
transportation distances and in technologies of manufacturing. 

None of these studies developed a consistent definition of the 
ertrereconontcrestis nor sought to systematically decompose it. 

This paper deals specifically with a consistently defined ratio, the 
changes in this ratio and the underlying reasons for the changes, to 


varying degrees, over the period 1963 to 2000. 


DEFINING THE APPROPRIATE ENERGY/EOCNOMIC RATIO 


Before calculating the aggregate energy intensities, a definition of 
the measure of energy and economic activity must be chosen. The 
standard definition of the energy/GNP ratio is not consistent. For 
example, note the definition used by the U.S. Energy Information Adminis- 
tration in their Monthly Energy Review. The energy counted is all 
domestically produced plus directly imported energy less the directly 
exported energy. But the economic activity is measured by taking the 
value of all final consumption, including exports but excluding imports 
(i.e., the GNP). Thus this energy measure contains some imported values 


but the economic activity measure does not; the reverse is true of 
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exports. In addition, the usual energy measure does not contain the 
value of energy used by other countries to make goods (including energy) 
which are imported to the U.S. The ERG calculation of the energy 
intensities includes this energy embodied in imported goods; the 
eneray enbadied in exported goods is also included in the eae 
intensities. 

An internationally consistent procedure, from an energy accounting 
point of view, would be to exclude the direct and indirect energy and 
the dollar cost of exports from the ratio and include the direct and 
indirect energy and the dollar cost of imports in the numerator and 
denominator, respectively. This ratio represents the energy consumed 
(directly and indirectly) per unit of net economic consumption. The 
result is called the energy/GNC ratio, where GNC stands for "Gross 
National Consumpticn.'' The ratio has an interesting trait. All else 
being unchanged, an increase in the dollar value of imports over exports 
Teuuces tie ratio. Conversely, an increase in the total energy content 
of imports over that in exports raises the ratio. This seems to be 
appropriate behavior for such a ratio. In times of energy scarcity, a 
Hedin ine ratio is considered appropriate. [iva COUNLEYers a net 
absorber of economic good without an associated increase in net energy 
absorption, the ratio declines. If they absorb net energy without an 
offsetting net absorption of economic good, the ratio rises. 

In summary the standard ratio is defined as 


Energy Produced Domestically plus Direct Energy Imports 


Boe less Direct Energy Exports 


Sane Dollar Value of Net Domestic Production (excludes imports 
but includes exports) 


while the more consistent definition is 
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Energy Produced Domestically plus Direct 4 Indirect Energy 


Boa in Imports less Direct & Indirect Energy in Exports : 


ae Dollar Value of Net Domestic Production plus Value of 
Imports less Value of Exports 


The latter definition is used in the remainder of this paper. 
GATHERING THE DATA 


At Emenieet the terms for the: various processes,.to x investigated 
must be Seeratly defined.: Realize that commodities, the output of 
industrial and commercial producers, are sold to the various Activities 
of Final Demand or Final consumption. There are 88 commodities delivered 
POL et different types of activities. There are 5 different energy com- 
modities; coal, Crude petrol. retined petrol, «electricity and natural 
gas. The flows of these commodities are measured strictly in BIU. The 
remaining 83 commodity flows are measured in dollars. The il Final De- 
mand Activities are defined in Table 1. 

The analysis of the direct and indirect energy cost (i.e. the 
energy intensity) of the Final Demand Activities of a given year requires 
three sets of data: The direct and indirect energy costs of industrial 
and eounercia! output, the distribution of the industrial and commercial 
Butnat across the categories of Final Demand and the set of inflators to 
convert the current value of the output into constant dollars. Ali of 
the basic data for these three data sets are derived from government data. 

The first set, the energy costs or energy intensities, (the direct 
and indirect energy used throughout the economy per unit of commodity 
output) are derived by the Energy Reese Group (ERG) at the University 
of Illinois. Basically, the input-output (I/0) modeling process is mod- 
ified to include the energy transactions in physical units. The resulting 
combined units matrices (BTU and dollars) are manipulated to produce the 
coal, crude petrol and natural gas, refined petrol, electricity and nat- 
ural gas energy intensities for cach sector of an 88 commercial and industrial 
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sector breakdown of the U.S. economy [8, 9, 10]. 

The complete input-output matrix set is iia eee forithe years 
1963, 1967 and 1972. The set is consistently defined, based on the flow 
of commodities rather than industrial output and is in constant 1972 dol- 
lars. The derivation of the commodity energy intensities is given in Ref- 
erence 10. 

By judicious substitution of the physical energy data from more 
recent times (and projected energy use data) the ERG plans to update 
(and project) the values of these detailed “re of energy intensities. 


These intensities are called average energy intensities because they are 


derived for bach of the eieraric hears. A way to calculate new 
sets of intensities based on the changes in economic exchange from 
period to period is now being developed. These "marginal" values 
could be approximated for each ieee vie year and yield the marginal 
energy cost of the next unit of each sector's output 

The second data set, the iseciewtea of output across Final Demand 
Activities, is compiled from historic data collected by the Bureau of 
Beononits analysis (BEA) of the U.S. Department of Commerce for the 
years 1963, 1967 and 1972 [lI]. The Bureau of Labor Statistics (BLS) has 
estimated a Final Demand Matrix for 1980 {12]. Actual Final Demand 
activity distributions were obtained for the year 1972-1980 from 
BEA (12 eeatiein | 1972,dollars: These data are 
the dollar consumption of the 88 commodity (industrial and commercial 
outputs) in each of 12 different Final Demand Activities, for each 
historical I/O year. Table la shows the Final Demand breakdown and 
their sources. Table 1b shows the detail from which the four Personal 


Consumption Expenditure Activities were formed. 
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Tablé@elar The Definitions of the Final Demand Activities 


Final Demand Activities 


PERSONAL CONSUMPTION 
Energy 


Durable Goods 


Non-Durable Goods (Less fuel oil, gasoline 
and motor oil expenditures) 


Services (Less electricity and natural gas 
expenditures) 


CAPITAL FORMATION (New, Private) | ; 
Buildings (Defined as "New Construction") 


New Equipment (Defined as the Remainder of 
New Private Capital Formation) 


NET INVENTORY CHANGE 
EXPORTS 


FEDERAL GOVERNMENT 
Federal Government Defense Expenditures 


Federal Government Other Expenditures 
STATE AND LOCAL GOVERNMENT EXPENDITURES 
IMPORTS 


10z 


source of Data 


So wal Ost 1 
11 


11 


11 


iia 


11 


11 
1] 


11 
11 
11 
ll 


Pu 7 
ee ha) 
=A ~ oa oi A P53 : ’ 1 
: a4 peer i ae ie 2h hs 
; ¢ it 
e - \ 7 
- 
7 é 
it 
er eee ct A ee iy em a a + lh 


itivitod baamet] Leali of? Yo en sinited ont at of6: ; Sy 


ee ee ee et 


S300 SO MOTURE | -teitad avant ak! 
HOLT OREO 


1 : 


if ‘ea ot 
vyailoesy ,Ito lewd weed) abaod aid. 

if ‘eyTustbasgxe Lie *etet baw 
#53 Iqutiac bas ytioirtiools saad), caa8 

Af (ecnuttbongen 
(staviets 8) HOPPE 

holraatTs2en00 wei” es botetety? oe 


i to vohalseehi soy ea beninet) Sepa 
(solsamrot istiga? Sey 

aa 

‘ 22tuithowgx gonoted tnamrewed 


it LuTuUsioOnegae ved Sgerreval r ts . 
ts Ba 1UT  Gaaska ‘ThamaveD daged 


N 
~ Ne a 411 ane to men) | age 1 So i al meet ht lane iy 


/ 


edie ee ai 


Table 1b. Definitions of the Personal Consumption Expenditure Activitics 


ENERGY : 
Electricity 
Natural Gas 
Fuel Oil § Coal 
Gasoline §& Motor Oil 


DURABLES 
Jewelry & Watches 
Furniture 
Home Appliances 
Tableware 
Opthalmic §& Orthopedic 
New & Used Cars, Accessories § Parts 
Books, Maps - 
Toys, Sporting §& Recreational Goods 
Radio & TV, Records | Musical Instruments 


NON-DURABLES 
Food 
Tobacco 
Shoes 
Clothing 
soaps, Perfumes, etc. 
Semi-Durable Household Furnishings 
Paper Products 
Drugs 
Magazines, Newspapers 
Flowers 
Expenditures Abroad by Gov't. Personnel 


SERVICES 

Shoe Cleaning §& Repair 
_Laundry §& Cleaning 

' Barber § Beauty Shops 
Dwelling Rent 
Water §& Sanitary 
Telephone & Telegraph 
Servants 
Medical Care 
Insurance 
Legal §& Finance Charge 
Funeral, Personal Business 
Auto Repair, Maintenance, Parking 
Taxi & Mass Transit 
Radio & TV Repair 
Movies 
Opera & Sporting Events 
Education 
Religious Activities 
FOrCion rravel ini Uso; 
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Since both of the above data sets are in current dollars, a set of 
inflators is needed for 1963 and 1567 to inflate these dollars to the 
1972 level for comparative purposes. A vector for each year was derived 
with an element for each of the 88 commodities. Inflators for the manu- 
factured commodities were taken from the work sheets of the BEA, the 
only available source. The remainder of the inflators were coer” 


from the .BLS and the BEA [14, 15]. 


CALCULATING THE ENERGY INTENSITIES - 


The next step of the analysis is to determine the total energy used 
(hy type) for each Final Demand category in each year, This is done by 
multiplying the Energy Intensity matrix times the Final Demand matrix 
and summing down the reste COLUMNS mee OecCONnVerceeacn UL tneSse  TesuLts 
to a Final Demand Activity energy entencity awe must inflate the dollar 
values in each of the 1963 and 1967 Final Demand categories to 1972 dol- 
lars and sum for the total 1972 dollar equivalent for each category. We 
also inflate the energy intensities for 1963 and 1967 into BTU per 1972 
producer's dollar. Dividing the energy values by their respective dollar 
levels yields the desired ona intensities (by fuel type), for each 
Final Demand category, for each year. 

In mathematical terms, the desired Final Demand Activity energy in- 


tensitices e<e>; tare; 
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where d is the inflator vector which translates the current 
value of each of the 88 commodities from 1963 or 
1967 to 1972dollars: d isstneviini te Vector ing!) 972" 


is the matrix which indicates the amounts of the 88 


tery 


possible commodities used in each of the 12 Final 
Demand Activities. The energy inputs in this matrix 
are measured in BTU. 


is the matrix of industrial energy (direct plus 


im 


indirect) intensities (6 types) for each of the 88 

pommocicres The units of the intensities for the 

energy sectors are in BIU per BTU and BTU per dollar 

otherwise. See references [8, 9, 10] eh detailed definitions. 
The symbol~\-1 indicates that the vector dF is to be 

diagon2zlized into a matrix and then inverted. This is 


the normalizing step. 


.The results are presented in Tables 2, 3, and 4, for the years 
1963, 1967 and 1972. The primary energy intensities are the sum of 
the coal and crude petrol and natural gas intensity plus the hydro and 
nuclear power portion of the electricity intensity (converted at the 
fossil fuel efficiency) [g,9,10]. These primary intensities, indicating 
the total energy resource taken from the earth, are useful when a single 
energy measure is desired. This same sort of data was calculated for 


the BLS estimated Final Demand matrix for 1980. These results are 


not compatible with results based on actual 1980 data and therefore 


the BLS data was not used. 
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COMPARISONS WITH OTHER RESULTS 


Our initial estimates of the Final Demand category dollar values 
differ ena from those given by the Bureau of Labor Statistics [16] 
in the following three categories: Expenditures on Durable Personal 
items, New Construction and the 3 Government Sectors. Some of these 
differences were corrected, others were not. Here is the justification. 

First of all there is some disagreement on the individual Final 
Demand and total GNP dollar amounts between the BLS and BEA (Bureau of 
Economic Analysis).* The largest of these differences is seen in the 
1972 Capital Equipment and Total Capital sector. This difference 
Bons asepEAnis believed to be the preatersexpert in this area. 

' Next, there is a difference between BEA's detailed list of 

inflators for the manufacturing sectors and BLS’ more aggregated ldst. 
This appears to be a source of larger disagreement and we believe that it 
is the basis for the difference between our result and that of BLS for the 
dollars spent on consumer durables. -Since the ERG used the more detailed 
and combined BEA-BLS analysis for the I/O model we let this difference re- 


main. ‘When our result is compared to the BLS result the difference is +11% 
for 1963, +5% for 1967 and -4% for 1972. 
The BEA inflator for the New Construction category inputs is 
modified to agree with the BLS values. Our original fnflator was from 
BEA but their confidence in it is not great. The same was done for the 
wage inflator on wages of government workers. The BEA inflator was much 
different but their support for the number was weak. Adopting the BLS 
wage inflator brought the result into near perfect agreement with BLS in the 


3 government categories. 


a rn TL 


*BEA is the source of the economic portion of ERG's Input-Output tee 
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In Table 5 are the resuits of the comparison of ERG results for 


Final Demand dollars with those of the Bureau of Labor Statistics (BLS) [16]. 


Table 5. A Comparison of ERG and BLS Results for Final Demand Expenditures. 


FINAL DEMAND EXPENDITURES, BILLION 1972 DOLLARS 


1963 1967 1972 


CATEGORY ERG __ BLS ERG BLS 
Personal, Energy 39.65 | 49.23 
Personal, Durable 83,97 oo ad, 110.67 jG Ree. 
Personal, Non-Durable 228.78 259.5 eg ah OO PL 
Personal, Service 248.63 264 Owe |es0r ee /Guenis22 <4 

TOTAL - Personal 601.03 603.2 AE oF MOA RaN 
Capital, Construction 73.40 Wis 99.09 103.5 
Capital, Equipment 6725 0teas = OS.0c 85.84 7150-4 
Inventory Change Nah 07) 12.0 10535 9.4 

TOTAL - Capital 152077 SO Thee 195 c20aa 188.5 

Exports 55.81 54.2 42079 ere 

Federal, TOTAL 125.30 BSe Seni el O21 2an eet O 2) 

State § Local Government 123.10 sere S0°69) 151,60 

Imports -48.79 -50.7 -76.199 -75.9 

GNP | 834.44. 830.7 112009.22 . 1007.7 [118277 1171.1 
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Note that the BLS breakdown does not include a category called 
Personal Consumption of Energy. These values come from their "Service 
and 'Non-Durable" categories (see Table 1b). Also, the BLS breakdown 
does not distinguish between Federal Government activities. 

The direct energy used of each fuel ee agree exactly with 
Bureau of Mines (BOM) totals for each year because we force agreement 
with BOM in our original formulation of the I/O models. The total 
energy values shown in Tables 2, 3 and 4 exceed the BOM totals, however, 
because we include surrogate energy costs for the production and delivery 
_of imported goods. 

No known efforts have been made to calculate the U.S. energy in- 
tensities by other researchers. Consequently, we have no clear idea of 
the errors in the energy intensities. Sensitivity analysis are currently 


being performed on the three historic I-0 matrices. 


CHANGES IN THE ENERGY INTENSITIES 


conning the total energy demanded by the economy in 1967 
(65.9 Quads, Table 3) with an earlier ERG result (66.5 Quads, Ref. 8) 
a slight decrease is found. The same holds true for 1963. This 
difference has been traced to a decrease in the total energy cost of 
refined petroleum in the new models. This decrease is due to a shift 
of some of the input energy of the réfined petroleum sector to the 
chemical industry. Accordingly, the refined petroleum energy cost 
of imports declined, causing the drop in overall energy demand. 
| For purposes of aggregate comparison, the E/GNC ratios for 
1972-1980 were estimated using Wharton and some BLS cata. The 


results are shown in Appendices A & B. Other than these aggregates 
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and the Final Demand Activity distribution, no detailed and complete 
data exist for years other than? 1963, 1967 and 1972. 
The relative changes in the E/GNP and the E/GNC ratios in 
the first two periods points out the value of the latter ratio in 
comparing energy use and economic activity. The E/GNP ratio dropped 
between 1967 and 1972 while the E/GNC ratio rose. This phenomena 
occurs because of the relative increase in the imports of refined 
petroleum products. The E/GNP ratio counts only the energy content 
of these imports while the E/GNC ratio comnts this and an estimate of 
the extra energy needed to.refine these imports. A further contribu- 
tion togthis divervencetin the atios ingthe, 1967-1972 period.is caused 
by the aociins 18 the totalsencregysintensity of exports. 
From an examination of Tables 2, 3 and 4, ahd Appendices A and B 
for 1972 - 1980 aggregates, several results stand out: 
irpeetnie -6/GNG ratio rose 2./ percent and.3.5 percent in the 
first two periods and dropped 15.3 percent between 1972 
and 1980. The overall primary energy intensity (primary 
BTU/GNP) rose for the first period (1963 to 1967) but 
dropped in the second period (1967 to 1972) (+2.4%, -3.2%) ofa 
dropped 13.4 percent in the 1972-1980 neriod. 
2. The overall electricity intensity increased significantly 
in the first two periods (+10.7%, +25.3%). 
5. the overall coal intensity. dropped significantly in tie 
1967-72 period 
4. The primary energy intensities of Exports dropped 


significantly in the two earlier periods. 


e 


5 bre bolita aah on .nobsuditaaath “ivi 
a set sEOet aad advo 2 


iiat 2MO\ outs 


tok bas 


‘Ws 


‘ oe * 


ny) wo\a id al xogreita La sepe's bi 


ay ~ ery “ ; ii oe 


outa, ods 43 20 aaakog tbekway ow?-dat 


uN: oA olide 1 


20L95% 


7 


sine ton a 


‘ 


ONTOS wine ‘eee’ ygrens anh 
. ae i hie 


So oy 


ty ; 
at easotait ovizeles o4f An seusced ete 19 
woo. ofter THD\E off 2soghbotq ave lotta, 
ind oftey DMO\@ edd ol piw esroqet seed? 96: 


e2utt enkier ot Bobten yyrene staxe % 


ever haa Seer. noe 


He nt sanoeteV vith aivdt of 80 + 


ygrone Intos wit af eattoah oly ¥ 


c {det te soks sa baKe as sort 


a 


Lerovee \e0 7g raRae ose! 

: . “trys 
my T.2 eee oltex wio\a oT 
Teas Le & bem & yo 2qeq wy rex ft 
« Jiuteve ent oeef ben 


me ely voi exer COUT 


w 


Cael) bolreq baoowe s/f? af bro poral 


O82) gKd ni sreaseq 4.2L beqgorh 


«jiszag%ak vtisivioceie biereve ot 


Ft Mee) tala o«? tenk? afk rt 


whofe sek tne 


imutz boqgeuh iene at feu istevs — a 


: haan iat “ct 


stb ciieaail 16 ania bana am arena, o 


nh ae. 


The Primary intensities of State and Local Government dropped 
in the first period (electricity, natural gas intensities rose) 


and all intensities rose in the second period, despite sizable 


budget growth in the first two periods. 


The energy embodied in imports (not the energy content) 
TOseperom >./) percent. to 4. lepercent tor7.5 percent. to. 10.7 
percent of the domestic plus sri (total) energy in 

1963, 1967, 1972, anaeLIOU. TeSpectively. Thus a growing 
fraction of the U.S. energy use was in the form of energy used 


abroad to make and deliver our imports. 


The net balance of total energy trade (imported-exported 
energy) rose from 2.5 Quads in 1963 to 3.0 Quads in 1967, 
to 10.9 Quads in 1972, and dropped slightly to 10.6 Quads 


in 1980. 
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DECOMPOSITION OF THE E/GNC RATIO CHANGE 


A change in the energy required per dollar of economic activity can 
be thought of as arising from three separate sources: a change in indus- 
trial production technology (the Technological effect), a change in the 
composition of industrial inputs to a particular Final Demand Activity 
per unit of that activity (the "Market Basket" effect), and a change in the 
spending pattern across the activities of Final Demand (the Distribution 
effect). Of course, the change in an. energy intensity is the resvit of 
a combination of these three principle sources of change. The techno- 
logical and market basket sources of change are, in turn, the net result 
of a series of more detailed specific changes. These more specific changes 
“Might be quite large and offsetting, producing a final energy intensity 
which is small. Nevertheless, we wish to know if this is the case. 

How can the sources chiefly responsible for a change in an energy 
intensity be determined? What follows is a theoretical approximation for 
the decomposition of the energy-GNC ratio along the lines described above. 

Define the direct and indirect total energy use (of the 6 separate 


types) per GNP dollar as ec, where 


A 


Fo E® Eel | (2) 


in which 
£ is the matrix of the consumption of commodity output by each 
Final Demand Activity, divided, down the column by the sum of the 
activity dollars. The energy rows of this matrix are BTU per 
dollar and the remainder of the entries are dollars per dollar. 


This matrix has 88 commodity rows and 12 activity columns. 
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w is a vector of the fractions of the total dollars, spent on 


each of the 12 Final Demand Activities. 


Equation 1 can be written for a spedific fuel intensity as: 


e, = efw | 
‘eat | (3) 
Next, the change in the energy intensity between any two years can 


be expressed as 


E, = Acfw + chfw ; ef Aw + Error term. (4) 
The first of the terms is the change in Ey due to Technological 


change; the second term is the e€, change caused by changes in the "Market 


A 


Basket" composition; the third term is the e, change caused by changes 


A 
in the Distribution of dollars across the Activities of Final Demand; and 
finally, the fourth term is the residual or "Error" portion, hopefully 
small, which is the combination of mroancee of the above three changes. 

The Repetition shown in equation (4) can be carried out in two 
rather than three steps. The « and f terms could be combined and compared 
to w or the £ and w terms couid be combined and compared to e«. The 
breakdown in equation (4) requires data and if these data are as accurate 
as the more aggregate data, the three part decomposition provides more 
information than a two part form. 

Equation (4) was applied to I/0 model data for the periods 1963- 
1967 and 1967-1972. The results are shown in Table 6. The variation 
due ‘to the four terms in the equation are shown as a percentage of the 
total variation in the particular energy intensity in question. Looking 
at the primary row, we see that in the first period, "Market Basket" 
shifts were the main reason for the change in the E/GNC ratio. By 


decomposing this Market Basket change, we find that shifts in the Market 
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Basket makeup of the Federal Non-Defense and State and Local Government 
were primarily responsible (Table 7). From the data in Table 7 

we find that all governmental activities account for 65% of the total 
Market Basket effect. Accordingly, these shifts were primarily the reason 
for the change in the overall E/GNC ratio. The next step is to decompose 
the changes in the commodity inputs to these activities with the hope of 
finding large single input changes causing the shift. The decomposition 
process can be carried out indefinitely. However, with each deeper step 
into the cause for change the reasons become diluted. 

Most of the energy intensity changes in the first period seem to be 
related to the Market Basket shift effect. Both the Distributional effects 
andethe UError" sare were relatively small and generally of the same 
size (except for refined petroleum). ; 

n the second period, a different result is noted (Table 6). The 
dominant term is the Technological one, for all energy types. The commodity 
flow changes for the primary intensity change were decomposed and it was 
found that the Anaeees in New Construction (also an Activity), petroleum 
refining and natural gas utility technologies (in that order) were clearly 
the responsible elements (Table 7). The combined effects of the two 
energy commodity changes was about equal to the effect of the change in 
New Construction. One could, of course, seek the reason for these 
changes. Why did the latter commodity change in the period 1967-1972? 

The commodity input changes into New Cone eruawnion could be decomposed to 
isolate the critical variables. 

Note that in the second period, the "error" terms were uniformly 
small and that, with the exception of the natural gas commodity, the 


distributional effect is not important. From the study of these three 
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Table 7. The Source of Change in the Energy/Gross National Consunption Ratio 
1963, 1967, and 1972, BTU/$(1972). 


1. TECHNOLOGICAL CHANGE (Se fw) . 10 Most Important Commodities. 


1963 to 1967 1967-1972 
Motor Vehicles and-Parts -333 New Construction +847 
Gas Utilities © -290 Refined Petrol. Prod. +427 
Drugs -217 Gas Utilities +309 
Refined ‘Petrol. Prod? -216 Food +270 
Electric Utilities -124 Apparel +169 
Auto Repair +127 Hotels aPersiyServ -80 
New Construction +144 ' Drugs -85 
Hotels, Pers. Serv. +255 Medical, Ed. Serv. -108 
Trade, Whsle §& Retail +328 Chemical Prod. -110 
Medical, Ed. Services +508 Real Estate -311 


TOTAL EFFECT -648 TOTAL. EFFECT +2129 


2. MARKET BASKET CHANGE (€4fw). Six Most Important Activities. 


1963 to 1967 1967-1972 

Fed. Gov't, Other +759 Net. Invent. Change -482 

State §& Local Gov't. +712 Fed. Gov't. Other -467 

Net. Invent. Change +584 Non-Durb. Cons. -137 

Capital, Construction +24] : 

Fed. Defense +214 Capital Equip. +165 
Durable Cons. +179 

Durable Pers. Cons. 7245 service Per. Conse +242 

TOTAL EFFECT +2579 TOTAL EFFECT -48] 


3. DISTRIBUTIONAL CHANGE (efAw). Six Most Important Activities. 


1963 to 1967 1967-1972 

Capital, Construct. -695 Energy Pers. Cons. +1086 

Enercy. Per.*tons? -614 Capital, Constr. cea 

Non-Durb. Per. Cons. -489 MDUTD weein ss Cons: +41] 
Service, Per. Cons. +213 

Fed. Defense +356 

Net Inv. Change +401 Net Inv. Change -557 

Capital Equipment +755 Fed. Defense -1758 

TOTAL EFFECT -168 TOTAL EFFECT +559 


26 


size 


2 


bord .forsd berktas "© (8. Rs 


a eae, | 


q 


noltq@wenoy ‘Ienolany reor\ygroad ond. & 
«Stee ute Ot brs 300 ok 


; ; 7) ne ) ¢ - ad 2 > 
-29i3ihogmc) sansroqal ‘ia o! “(ug SQUAD ; 
: in v ‘ : i , A” Oe : 
LENG 1-8 ae] | een iad: | 


* < 
bal e 


| . — oe 
noliawitano) wok Etz- #2789: Sn 2 


eerzitisv 240 TIg- 
boat ofc. ; 

lore qa Gi- 

¥Vtee .2189 ,elo2on TS i+ 
ecurrt BAI+ rt 
wrt .b3 ,Teolben eke * .Vrse . 7? 
bret Leodmadd oSc+ Claset oTeh . 
esefed taeda Pies _ seoivisd) Be 
Teta GAOT Bri Ta 


Laivisgh. tretzoqml Teoh whe. ..(wpAz) 


Ob ae 
) .ivaval .ich e2zv* 
330 2 fod ~hb']  BSy*:. 
oe) .dret-noit peor ; 
ibs? 
-qiuoi latt@rg bic" 
oul wldawd 
2000 . tet ooivre? '2hS° 


Toa JAPOT QVeh+ 


SivitsA seesreyml seem ¥EE - Cwija) SORAWD AMOF 
~ 2i~ ee] 
200 .eoF quod 
,wase): | fedeqed 


209 te? ied 
sad .4o" soiveee 


anon «val 704 
seaviad bet 


TOT Jarer 


years, it is surmised that the results of the decomposition process shown 


by equation (4) are meaningful (small"error" terms). 


The 1972 I/0 model is the most recent actual data available. 
However, the BLS has estimated a complete I/O model for 1980 [12]. The 
1972 energy intensities were used in conjunction with this BLS Final 
Demand matrix, to make an estimate of the Market Basket and Distributional 
effects. Calculation of the actual Distributional effect in 1980 was 
also made as a check on the BLS result. Unfortunately, the two results 
do not compare well (see Table 8 and Appendix A). The BLS 1980 model 
was made in the period 1977-78 and based on the 1958, 1963 and 1967 1/0 
models and in part on estimates of the 1973 Final Demand activity levels 
[12]. Consequently, the BLS results appear to be of limited value for 
the purposes of this paper and the opportunity to accurately calculate 
the 1980 Market Basket effect is lost. 

ahevactualarinalesDemand activity expenditures for the years 1973 to 
1980 [13] were obtained. These expenditure data are given in Appendix 
B. The activity primary energy intensities for 1972 (<e> in equation (1) 
and the data in the "Primary" column in Table 4} were multiplied times 
a vector of the normalized cirterencesein: expenditures on tic activity 
between 1972 and the year in question. The activity expenditure 
vectors were normalized by the GNC for their respective year. This 
is the Distributional tern, efAw, in equation (4). The results are 


given in Table 8. 
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In the columns of this table are the percentages of the total change 
caused by the change in that particular activity, for each year. For 
example, in 1980, the total Distributional effect was to lower the E/GNC 
by 4012 BTU/per GNC dollar. Of this total change, 56 percent came from 
the Personal Energy Activity, 25 percent came from the Construction 
activity and 14 percent came from the Federal Defense activity changes. 
These changes were offset by Distributional effect increases particularly 
in the Personal Services Activity (18 percent). The Personal Energy, 
Federal Defense and Construction Activities almost consistently contributed 
the most to the decline in the ratio from the Distributional change per- 
aeceNe from 1972 to 1980. The Activities of Personal Services, Durables, 
and the New Equipment activity contributed consistently to a rise in the 
ratio. Non-Defense Governmental activity changes were not important in 
explaining the Distributional effect. 

The next step was to estimate the total change in the E/GNC ratio 
for each year from 1973 to 1980. The procedure and results are 
described in Appendices A and B. 

The differences between the estimated total ratio, the ratio 
calculated from the Distributional effect alone, and the 1972 value of 
the ratio are calculated from the data in Appendix B and presented in 
Table §. From the results in Table 8, the following conclusions can 
be reached: first, ethe E/GNC ratio issa sensitive indicator of energy 
price changes. The ratio changed abruptly when the energy price changed 
in late 1973 and again in 1979-80. The ratio was steady in the inter- 
mediate period; second, the change in the ratio due to changes in the 
Distribution of Final Demand dollars seemed to lag the changes in the 


total ratio by one to two years (the greatest explanatory fraction 
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occurring in 1976 and 1980). From these results, one can conclude that 
although the Distributional effect changes do occur in such a way as to 
reduce energy use per dollar of economic activity, one of the two other 
effects must be acting almost immediately a6 reduce the E/GNC ratio. The 
Market Basket effect is the natural candidate since technological change 
is usually thought of as requiring investor confidence and construction 
time. One can imagine that such changes might be decreased use of 
electricity, gasoline or fuel oil; purchases of wooden rather than metal 
furniture, of used rather than new cars, or of natural rather than synthetic 
fiber clothing, reduced construction of steel buildings, increased 
purchase of used rather than new equipment; and finally, decreased 
government expenditures on highway and reservoir construction relative 
to the level of government service expenditures. Invgenenal giitethe 
degree of spending on a particular Final Demand Activity shifts from 
energy intensive to non-energy intensive commodities, the energy/GNC 
ratio Hacauiees 

Estimates of the Distributional effect on the E/GNC ratio*™ were 
also made for the years 1980, 1990 and 2000 and given in the last 3 
columns of Appendix B. The DRI estimate for 1980 (all forecasts were 
made in September of 1980) produced a ratio close to the more correct 
value for 1980 (compare 58454 with 53367). The values for 1990 and 
2000 decline only 3 to 4 percent per decade while the actual 1980 value 
of the E/GNC ratio (distributional effect only) had declined 14.5 percent 
between 1972 and 1980 and 3% between 1979 and 1980 alone. From this we 
ee tentatively conclude that the Distributional effect (effect of energy > 


conservation) had nearly run its course by 1980. Thus, providing 


*Conservation effect, as defined in this paper. 
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energy prices are close to those in the DRI forecast, any substantial 
changes in the E/GNC ratio can be expected to be produced by technological 
change and changes in the Market Basket of each of the Final Demand 


Activities. 


NEEDED RESEARCH 


Future concentration should be on forecasting technological 
production changes and changes in the mix of commodities produced 
for Final Demand. These are difficult tasks and do not yield well 
to standard forms of economic analysis. Forecasting technological 
change is usually the domain of the engineer. Market Basket change 
forecasts are in the purview of business analysists, especially if the 
change is not price but behaviorally induced. Personal consumption 
is probably done with more price consciousness than Government Consump- 
tion for example. Perhaps what is needed is a team comprised of engineers, 
economists and market analysts, to forecast technological change (in 
industry and commerce), price-induced change in personal consumption and 
Capital formation and behaviorally induced changes in Government, Exports 
and Imports, respectively. 

In the context of energy conservation, these conclusions have 
interesting implications. Total energy-saving technological changes 
occurring in industry and commerce can be defined as energy efficiency 
improvements. Market Basket and Distributional shifts which save total 
energy, whether induced by price or behavior, can be defined as energy 
conservation actions. Which of these two pheonomenon is the most likely 


to produce significant fuel use shifts and reductions? 
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Although a great deal of useful information has been gained about the 
change in the flow of energy through the historic U.S. economy, more 
recent data are needed. As a result of the-reséarch thus far, Several 
important directions need to be pursued. Generally this research is 
directed toward quantitatively improving our understanding of the three 
sources of change in the E/GNC ratio: Technological, Market Basket, 
and Final Demand Distribution. 

1. Updating the Input-Output information will improve our grasp 
of rere change. It will soon be possible to obtain detailed direct 
energy flow for 1975, 1976, and 1977 in a form adaptable to the present 
set of I/O models. It may be possible aa ee are these direct energy 
data bases with the 1972 non-energy I/O flows to produce a satisfactory 


result. Sensitivity analysis needs to be done on the present model set to 


determine the optimum procedure for such substitution. Depending on 

the results of such analysis, projected energy use data may be sufficient 
to develop a reasonably accurate view of future energy flows through the 
econony. Inv anyt eventiws the adk96S 601 967 Sh19 72 Fkand 98977 -détailed*set 

of I/0 energy models, the first comprehensive yet detailed view of the 
real reaction of the economy could be studied to observe the actual 
effects of new technology, changing market basket, changing Final Demand 
Activities and rising real energy prices. The direct and indirect energy 
intensity of every U.S. commodity can be historically determined. 
Consequently, one can rank these commodities to determine the most 


energy intensive and most total energy using sectors. If important energy 
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saving technology were to appear in these sectors the impact on the 
E/GNC ratio would be significant. The latest (and proposed) technologi- 
cal change can be modeled in the context of the whole economy and effects 
on the E/GNC ratio could be estimated. | 

2. Avery promising line of inquiry would be the examination of 
the Market Basket effect alone. Data on the industrial composition 
of Final Demand is available for every year from prior to 1963 up to 
1980. A comparison of the effect of these changes on the energy/GNC 
ratio may be most instructive. For example, the growth of the industrial 
service sector relative to manufacturing has been substantial in recent 
years [17]. | How do such changes affect the Energy/GNC ratio? Can 
Such shiits continue in the face of rising real energy prices? | What 
shifts might actually be expected to be caused by rising energy 
prices? 

jonmeeLt eS possible that some of the activities of Final Demand are 
Causing one type of shift in the energy/GNC ratio while other activities 
cause an opposite form of shift. For example, the Personal Consumption 
Expenditure Market Basket should shift dramatically during times of rising 
real energy prices, because consumers seem to be price sensitive. So 
the Energy/GNC ratio would be affected by the Market Basket change of 
Personal Consumption. At the same time the Government expenditure market 
basket should not vary much due to energy prices as these activities are 
policy driven. Government activities might well affect the ratio by 
changes in distribution of dollars among their activities (e.g., a shift 
from Health programs to Defense spending). The data from 1963 to 1977 


should be examined with a mechanism more refined than equation (4), to 
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allow the selective combination of various Final Demand activities. For 
example, one may wish to explore the combined effect of changes in the 
Personal Consumption Market Basket with changes in the Distributional 
effect among the Government activities. 

With the results of these three steps an increasingly accurate 
and prompt estimate of the connection between economic activity and 


subsequent energy demand could be maintained and forecasted. 
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APPENDIX A 


CALCULATION OF THE ENERGY/GNC RATIOS FOR 1973-80, 
COMPARISON OF THE DISTRIBUTIONAL EFFECT ON THE RATIO,- AND 


A COMPARISON TO THE ESTIMATED RATIO DERIVED FROM BLS DATA. 


To calculate the E/GNC ratio for a given year, the U.S. production 
of energy and the total (dives and indirect) energy embodied in imports 
and exports must be known. For the years 1973-1980, the net energy in 
the latter category is determined by multiplying the energy directly imported 
less the energy directly exported (by type of energy) [18] with the 1972 
fuel energy a Meedeials é4 [10] and adding: 

i) for the years 1973-1979; the dollar value of the non-energy 
imports times the special import energy intensity prepared 
fromthe 1972 energy intensities and the 1972 distribution of 
non-energy imports. The same e done for non-energy exports. 
The dollar value of imports and exports (energy and non-energy) 
were obtained from Wharton [20], the only reference obtainable. 
The distribution of these components of the imports and exports 
vectors in each year were calculated and shown to be relatively 
steady over the period. Therefore, the aggregation of these 
vectors for use with a single 1972 energy intensity is 
sufficiently accurate for our purposes. | 

ii) for 1980; detailed Wharton data on imports and exports did 

not exist so BLS estimated data for the ncon-energy portion 
of the net import (imports less exports) vector was multiplied 


by the corresponding 1972 energy intensities Ole 
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iii) for the years 1973-1980; the energy produced in the U.S. [18]. 


The resulting energy values are divided by the GNC values from the 
corresponding year. These data and results are given in Appendix B. 

In 1972 the E/GNC ratio was 62379 BTU/$(1972) and the difference 
from 1972 to 1980 is -9520 BTU/$(i972). By calculating the Distributional 
effect for 1972 - 1980 (the third term in equation (4)) using actual 1980 
data it is found that this change accounted for -4012 BTU/$(1972) (see 
Table 8) or 42 percent of the total 9520 BTU/$ drop. Using instead the 
BLS estimated 1980 Final Demand Distribution, the Distributional effect 
is -716 BTU/$ or only about 12 percent of the total. The Market Basket 
change effect between 1972 and 1980 was calculated using the BLS Final 
Demand estimates and this effect would have raised the Energy/GNC ratio 
by 981 BTU/$. This is an unlikely result ae the period was noted for 
Gising real energy prices. Thus the BLS projection is very suspect and 
was not considered further. | 

The BLS is the only source of data for 1980 which details the use 
of commodities in Final Demand Activities. Their task of estimating 
the details in a rapidly changing economy is extremely difficult, even 
with a short projection time. 

The estimated import of embodied enemy forsi9s0) is LOe/jpercent 
of the sum of domestically produced plus directly imported energy, up 
from 7.9 percent in 1972. The estimated balance of enerey trade (total 
imported less total exported energy) was 10.6 Quads in 1980, down 


Slightly from 10.9 Quads in 1972. 
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